Introduction {#sec1}
============

Biomaterials play key roles in tissue engineering and regenerative medicine due to their controllable physicochemical and biological properties that can modulate cellular behaviors and functions.^[@ref1]−[@ref5]^Various biomaterials have been studied to regenerate the structure and function of damaged cells and tissues. In cell-based therapies, biomaterials have been used to deliver functional cells cultured *ex vivo* or to enhance morphogenesis in artificially engineered tissues constructed *ex vivo*.^[@ref6]−[@ref10]^ More recently, biomaterials have shown a potential to serve as *in vivo* microenvironments to induce homing, growth, and differentiation of host cells from surrounding tissues.^[@ref11]−[@ref14]^ In both strategies, the three-dimensional (3D) structure of the biomaterial allows complex cell--cell and cell--microenvironment interactions that drive tissue formation and regeneration. Poly(lactide-*co*-glycolide) (PLG) is one of the most studied polymeric materials and has been utilized for delivery of drugs, genes, and cells.^[@ref15]−[@ref17]^ Recently, our group has used macroporous PLG scaffolds to engineer the microenvironment of DCs.^[@ref11],[@ref18]−[@ref21]^ The macropores, the pores larger than 50 nm according to the International Union of Pure and Applied Chemistry (IUPAC) definition,^[@ref22]^ in the scaffold present a controlled space for the host DCs to reside and to be activated. DCs activated by chemical cues incorporated in the scaffold can evoke potent adaptive immune responses. In this and other approaches in which DCs are utilized to regulate immunity, their local density likely controls the magnitude of the immune responses. From a materials standpoint, the pore architecture of scaffolds is likely a key consideration to control DC infiltration. However, the relationship between the pore structure of a scaffold and *in vivo* cell enrichment has not been extensively studied.

In this report, we demonstrate the effects of pore architecture of PLG scaffolds on *in vivo* enrichment of DCs (Scheme [1](#sch1){ref-type="scheme"}). The macroporous PLG scaffolds were synthesized by a gas-foaming/salt-leaching method and encapsulated granulocyte macrophage colony-stimulating factor (GM-CSF), a DC-recruiting inflammatory chemoattractant. The PLG scaffolds with different levels of surface porosity, pore size, and pore volume were prepared and characterized for *in vitro* and *in vivo* studies. *In vitro* cell seeding revealed that scaffolds with more surface porosity were beneficial for the accessibility of cells into the scaffold. In contrast, *in vivo* studies demonstrated that DC enrichment in PLG scaffolds was strongly associated with the mechanical strength as well as pore structure of the scaffolds.

![*In Vivo* Recruiting of Immature DCs into Macroporous PLG Scaffold Encapsulating GM-CSF, a Chemoattractant to DCs\
The pore architecture, including the extent of surface porosity, pore volume, and pore size, were altered to study their effect on DC enrichment.](am-2014-01376n_0010){#sch1}

Experimental Section {#sec2}
====================

Gas-Foaming/Particulate Leaching Macroporous PLG Scaffold Fabrication {#sec2.1}
---------------------------------------------------------------------

An 85:15, 120 kD copolymer of [d]{.smallcaps},[l]{.smallcaps}-lactide and glycolide (PLG) (Alkermes) was used in a gas-foaming process to form porous PLG matrices.^[@ref23]^ In brief, microparticles were first synthesized with standard double emulsion.^[@ref24]^ To control the porosity, different amounts of PLG microspheres (9, 14, or 18 mg) were then mixed with a fixed amount (210 mg) of the porogen, sodium chloride (sieved to a particle size between 250 and 425 μm), and the mixtures were compressed in a mold of 1 mm diameter. The resulting disc was allowed to equilibrate within a high-pressure CO~2~ environment, and a rapid reduction in pressure causes the polymer particles to expand and fuse into an interconnected structure. The sodium chloride was leached from the scaffolds by immersion in water, yielding macroporous PLG scaffolds. Scaffold leaching was complete when they floated to the top of the leaching solution, as the density of the scaffolds were decreased after dissolution of sodium chloride crystals used as templates. The resulting PLG scaffolds were designated as PLG-9, PLG-14, and PLG-18, respectively. Scanning electron microscopy (SEM) images of the PLG scaffolds were obtained with a Zeiss EVO. The PLG scaffolds were attached on carbon tape on sample mounts and coated with a thin layer of Pt by sputter coating before analysis.

To fabricate GM-CSF loaded PLG scaffolds that have the same porosity described above, 9 mg of PLG microspheres encapsulating recombinant murine GM-CSF (Peprotech) were fabricated using a double emulsion technique^[@ref11]^ and mixed with different amounts of pure PLG microspheres (0, 5, or 9 mg) and 210 mg of sodium chloride prior to compression in the mold. The total amounts of PLG microspheres were 9, 14, and 18 mg, respectively. The rest fabrication steps were kept the same with the above procedure to prepare PLG scaffolds without GM-CSF. The resulting PLG scaffolds encapsulating GM-CSF were designated as PLG-9-GM, PLG-14-GM, and PLG-18-GM, respectively.

To fabricate GM-CSF loaded PLG scaffolds with different pore volumes, different amounts of the porogen, NaCl, were used following the same procedure as described above to prepare PLG-18-GM scaffolds. Scaffolds with 0, 90, or 150 mg of NaCl were prepared. The resulting GM-CSF loaded PLG scaffolds with different pore volume were designated as PLG-NaCl-0, PLG-NaCl-90, and PLG-NaCl-150, respectively.

Solvent Casting/Particulate Leaching Macroporous PLG Scaffold Fabrication {#sec2.2}
-------------------------------------------------------------------------

To demonstrate generality, in one set of experiments, maroporous scaffolds were fabricated using a solvent casting/particulate leaching technique.^[@ref25]^ Briefly, an 85:15, 120 kD PLG (Alkermes) was dissolved in dichloromethane or chloroform (Sigma-Aldrich). NaCl porogens sieved to sizes between 10--32 and 250--425 μm or purchased commercially (1800 μm, Sigma-Aldrich) were added to the solution. The mixture was poured into casts and the solvent was allowed to evaporate. Eight by eight millimeter scaffolds were then excised from the molds and the scaffolds were allowed to leach in water to create a macroporous scaffold.

Release of GM-CSF {#sec2.3}
-----------------

Scaffolds containing 3 μg of GM-CSF were incubated in release media (PBS with 1% bovine serum albumin). The media was collected at designated time points and immediately stored in -20 °C freezer. The media collection was only thawed once to assay for GM-CSF at the end of the release study. The GM-CSF levels were analyzed using an ELISA for GM-CSF according to manufacturer's instructions (R&D DY415).

Porosity and Pore Volume Analysis {#sec2.4}
---------------------------------

The porosity (π) of the scaffolds was calculated according to the following equation:^[@ref26]^where ρ\* is the density of the PLG polymer and ρ is the apparent density of the scaffolds measured by dividing the weight by the volume of the scaffold. The volume of the disc-type scaffolds were obtained by measuring the diameter and the thickness of the scaffold. The pore volume was calculated from multiplying the scaffold volume by the porosity of the scaffold.

Mechanical Testing {#sec2.5}
------------------

The scaffolds were subject to compression tests using an Instron 3342 (Instron) with a strain rate of 1 mm per minute. The Instron was calibrated using ASTM standard (ASTM E4-13). The stresses and strains were recorded, and the compressive moduli were determined from the slopes of the stress--strain diagram in the elastic region.

*In Vitro* Study {#sec2.6}
----------------

Bone marrow-derived dendritic cells (BMDCs) were derived using standard techniques. In brief, bone marrow cells were isolated from female C57Bl/6J mice (Jackson Laboratories) and cultured in RPMI based media (Lonza) supplemented with 10% heat inactivated FBS (Sigma-Aldrich), 1% penicillin/streptomycin, 50 μM β-mercaptoethanol, and 20 ng/mL GM-CSF (Peprotech). BMDCs were harvested and used for experiments between day 7 and 10 of differentiation. Differentiation was confirmed using the CD11c, CD11b and MHC-II surface markers. For the *in vitro* cell infiltration study, 2 × 10^6^ BMDCs dispersed in 50 μL of cell culture media were seeded on top of the scaffold (PLG-9, PLG-14, and PLG-18) and the scaffold was incubated at 37 °C for 1 h to allow cell infiltration into the macropores of the scaffold. Then, the surface of the scaffolds was carefully rinsed with a culture media to remove the uninfiltrated cells. To retrieve the infiltrated cells from the scaffold, the scaffold was cut with a sterile razor blade into small pieces and subsequently digested with collagenase type II (Worthington, 250 U/mL) for 1 h at 37 °C to detach any attached cells to the scaffold matrix.^[@ref11],[@ref18],[@ref20]^ The cells were collected by filtration of the mixture of cells and PLG pieces using 40 μm cell strainers. The retrieved cells were counted using a Coulter counter.

Cell Isolation from PLGA Scaffolds Explanted from Animals {#sec2.7}
---------------------------------------------------------

Scaffolds were implanted into subcutaneous pockets on the back of 6- to 9-week-old female C57BL/6J mice (one scaffold per mouse, *n* = 3--5).^[@ref11],[@ref18],[@ref20]^ Scaffolds were explanted at day 7 post implantation. The scaffolds were clearly retrieved from the surrounding fibrotic tissue. The scaffolds were digested into single cell suspensions using collagenase type II (Worthingtion, 250 U/ml). The solution was agitated at 37 °C for 45 min and the cell suspension was filtered through 40 μm cell strainers to isolate cells from scaffold particles. Finally, the cells were pelleted and washed with cold PBS.

Analysis of DC Enrichment in Scaffolds {#sec2.8}
--------------------------------------

To analyze DC enrichment, isolated cells were counted using a Z2 Coulter counter (Beckman Coulter), and subsets of the total cell population were then stained with primary antibodies (eBioscience) conjugated to fluorescent markers to enable analysis by flow cytometry. Conventional DCs were delineated using APC-conjugated CD11c and FITC-conjugated CD11b. To analyze cell infiltration into scaffold histologically, scaffolds were explanted and fixed in 4% paraformaldehyde. The scaffold was then embedded in OCT and cryo-sectioned. The sections were stained using hematoxylin and eosin.

Animal Protocol {#sec2.9}
---------------

All animal studies were performed in accordance with NIH guidelines, under approval of Harvard University's Institutional Animal Care and Use Committee.

Statistical Analysis {#sec2.10}
--------------------

All values in the present study were expressed as mean ± SD. The significance of differences between the groups were analyzed by a two-tailed, student's *t*-test and a *p*-value of less than 0.05 was considered significant.

Results {#sec3}
=======

We first hypothesized that the amount of open pores on the surface (surface porosity) of PLG scaffolds is critical to determine the number of cells that can migrate into the scaffold *in vivo*. For this purpose, the PLG macroporous scaffolds were fabricated using a constant amount of NaCl to maintain equal porogen volume, but varying amounts of PLG microspheres (9, 14, and 18 mg). The resulting PLG scaffolds were designated as PLG-9, PLG-14, and PLG-18, respectively. To evaluate the surface porosity, PLG scaffolds were observed with scanning electron microscopy (SEM) (Figure [1](#fig1){ref-type="fig"}). Many open pores on the scaffold surface were observed with the lowest amount of PLG. In contrast, a large fraction of the surface of scaffolds prepared with higher PLG/NaCl ratios was covered with a skin of polymer. We also observed that a longer time was required for complete removal of NaCl from PLG-18 (∼10 h) than PLG-9 (∼4 h) during the leaching step, in agreement with the SEM finding of a less open pore structure with greater PLG content. PLG-9 had ∼99 % open surface pores of average 100 μm pore size, whereas PLG-18 showed ∼20% open surface pores of ∼50 μm size. The overall porosities of PLG-9, -14, -18 were 94.3, 92.5, and 90.4%, respectively (Figure [2](#fig2){ref-type="fig"}a) and the pore volume increased slightly with higher PLG amounts (Figure [2](#fig2){ref-type="fig"}b).

![SEM images of macroporous PLG scaffolds prepared using different amounts of PLG microspheres (9, 14, and 18 mg) and the same amount of NaCl (210 mg) as a porogen. Scale bars, 200 μm.](am-2014-01376n_0002){#fig1}

![(a) Porosity and (b) pore volume of the PLG scaffolds prepared using different PLG/NaCl ratios. Values represent mean and SD. An asterisk represents *p* \< 0.05.](am-2014-01376n_0003){#fig2}

*In vitro* cell seeding was then performed to evaluate the ability of DC to infiltrate the scaffold. Two million BMDCs were seeded on the top of PLG-9, -14, and -18 scaffolds, and the infiltrated BMDCs were subsequently retrieved from the scaffolds after 1 h of incubation. 1.2 million BMDCs (61% of the seeded cells) were isolated from the PLG-9 scaffolds, which was significantly higher than the number of BMDCs retrieved from PLG-14 (0.97 million, 49% of the seeded cells) and -18 (0.95 million, 48% of the seeded cells) scaffolds (Figure [3](#fig3){ref-type="fig"}). These observations demonstrated that cell accessibility was affected by the surface pores as expected.

![Number of bone marrow-derived dendritic cells (BMDCs) retrieved from the PLG scaffolds after cell seeding. Two millions BMDCs were seeded on each scaffold followed by 1 h of incubation. The BMDCs were retrieved and counted. Values represent mean and SD. An asterisk represents *p* \< 0.05.](am-2014-01376n_0004){#fig3}

Previous reports incorporated a cytokine, GM-CSF, in PLG scaffolds to enrich for DCs *in vivo*.^[@ref11],[@ref18],[@ref20]^ To investigate the effect of surface porosity on DC enrichment *in vivo*, GM-CSF-loaded PLG scaffolds were prepared while maintaining the surface porosity as described above. The same amount of GM-CSF loaded PLG microspheres was used to fabricate each type of scaffold. The GM-CSF-loaded PLG scaffolds were designated as PLG-9-GM, PLG-14-GM, and PLG-18-GM. Analysis of release kinetics of GM-CSF from the scaffolds showed an initial burst phase followed by a period of sustained release (Figure [4](#fig4){ref-type="fig"}a). Although the same amount of GM-CSF-PLG microspheres was used in fabrication of all PLG scaffolds, scaffolds with higher PLG/NaCl ratio released higher total amounts of GM-CSF, presumably because the dense PLG walls in the scaffold decreased the loss of GM-CSF from PLG matrices during the salt leaching step. The bioactivity of GM-CSF released from the scaffolds was examined using migration of BMDCs in a transwell assay (Figure [4](#fig4){ref-type="fig"}b). GM-CSF released from all three scaffolds led to a similar increase in chemotactic activity of the BMDCs, indicating the GM-CSF released from all PLG scaffolds maintained its bioactivity.

![(a) *In vitro* release profile of GM-CSF and (b) transwell migration assay of BMDC toward released GM-CSF collected at day 3 and controls of no GM-CSF (GM 0 ng/mL) and unencapsulated GM-CSF (GM 50 ng/mL). Values represent mean and SD. An asterisk represents *p* \< 0.05.](am-2014-01376n_0005){#fig4}

The effect of surface porosity on *in vivo* DC recruitment was evaluated using the three different types of PLG scaffolds incorporating GM-CSF. The scaffolds were implanted subcutaneously into the back of mice and retrieved after 7 days according to a similar procedure in our previous reports.^[@ref11],[@ref18],[@ref20]^ The host cells recruited were collected from the scaffolds and analyzed. Surprisingly, in contrast with the *in vitro* cell seeding results (Figure [3](#fig3){ref-type="fig"}), the number of total cells recruited increased as the surface porosity decreased (Figure [5](#fig5){ref-type="fig"}a). The number of recruited cells in PLG-18-GM was 6.6 million, which was significantly higher than that for PLG-14-GM (3.3 million) and PLG-9-GM (1.1 million). This result indicates that higher open surface porosity was not required to recruit more cells *in vivo*. The recruited DCs were analyzed with FACS, and a similar percentage of CD11c^+^CD11b^+^ conventional DCs was found in all scaffolds (Figure [5](#fig5){ref-type="fig"}b). However, the total number of DCs in PLG-18-GM was 10- and 2.5-fold higher than that in PLG-9-GM and PLG-14-GM, respectively (Figure [5](#fig5){ref-type="fig"}c). The percentage of CD11c^+^CD11b^--^ cells was highest in PLG-9-GM scaffolds and decreased in PLG-14-GM and PLG-18, in that order (see the [Supporting Information](#notes-3){ref-type="notes"}, Figure S1a), whereas the percentage of CD11c^--^CD11b^+^ cells was lowest in PLG-9-GM and increased in PLG-14 and -18 scaffolds, in that order ([Supporting Information](#notes-3){ref-type="notes"}, Figure S1b). There was no significant difference in the number of CD11c^+^CD11b^--^ cells in all scaffolds ([Supporting Information](#notes-3){ref-type="notes"}, Figure S1c), but the number of CD11c^--^CD11b^+^ cells in PLG-18-GM was 24- and 2.9-fold higher than that in PLG-9-GM and PLG-14-GM, respectively ([Supporting Information](#notes-3){ref-type="notes"}, Figure S1d).

![(a) Number of total scaffold resident host cells, (b) the percentage and (c) the number of CD11c^+^CD11b^+^ DCs 7 days post implantation. Values represent mean and SD. An asterisk represents *p* \< 0.05.](am-2014-01376n_0006){#fig5}

To investigate why fewer cells were enriched in PLG scaffolds with higher surface porosity despite a similar level of GM-CSF released, the PLG scaffolds retrieved from animals were visualized and cryo-sectioned and stained using hematoxylin and eosin. PLG-9-GM scaffolds were considerably smaller than the other scaffolds (Figure [6](#fig6){ref-type="fig"}a). The cross-sections of pristine PLG scaffolds prior to implant (Figure [6](#fig6){ref-type="fig"}b, upper row) were compared with those of retrieved scaffolds (Figure [6](#fig6){ref-type="fig"}b, lower row). Interestingly, PLG-9-GM, the scaffold with most initial surface porosity, demonstrated a smaller cross-sectional area after retrieval than other conditions. PLG-18-GM showed the most well-preserved pore structure and largest cross-sectional area. These results suggest that the mechanical properties of scaffolds as well as their pore structure should be considered in controlling cell enrichment *in vivo*. The compressive moduli of the macroporous scaffolds before implantation were also measured (Figure [6](#fig6){ref-type="fig"}c), and it increased when more PLG microparticles were used in scaffold fabrication. These results demonstrate that the porosity is inversely proportional to the moduli of the scaffolds. Altogether, this data indicates that not only the porosity but also the mechanical properties of the material should be carefully considered in *in vivo* cell enrichments.

![(a) Pictures of the retrieved PLG scaffolds. (b) Cross-section of the PLG scaffolds before implantation (upper row) and retrieved at day 7 post implantation (lower row). (c) Compressive moduli of the scaffolds. Values represent mean and SD. An asterisk represents *p* \< 0.05.](am-2014-01376n_0007){#fig6}

When the mechanical strength is sufficient to maintain the pore structure upon implantation, the pore volume would be expected to determine the number of recruited cells. To directly test this, three different types of scaffolds were fabricated using PLG microspheres loaded with GM-CSF (to keep similar GM-CSF release) using 0, 50, and 150 mg of NaCl to generate different pore volumes. The resulting scaffolds were designated as PLG-NaCl-0, PLG-NaCl-50, and PLG-NaCl-150, respectively. All scaffolds were fabricated using less porogen compared to the previous conditions and, as expected, all scaffolds showed lower surface porosity on SEM images (Figure [7](#fig7){ref-type="fig"}a). A larger pore volume in the scaffold resulted from using the higher amount of porogen (Figure [7](#fig7){ref-type="fig"}b). Following implantation, the total number of cells within the scaffold was significantly increased from PLG-NaCl-0 to PLG-NaCl-150 (Figure [7](#fig7){ref-type="fig"}c). PLG-NaCl-0 led to few cells in the scaffold, probably due to the very small pore volume, indicating macropores are imperative in cell enrichment. In scaffolds prepared using porogen, PLG-NaCl-150 scaffolds contained more cells than PLG-NaCl-50, probably due to its higher pore volume. The difference in the number of cells between PLG-NaCl-50 and PLG-NaCl-150 was much bigger than the difference of their pore volumes. Cells infiltrating into PLG-NaCl-0 could not be characterized with FACS due to the low cell number, but the cells in the other scaffolds were further analyzed. Similar to the previous results from studies with the scaffolds with different surface porosity, a similar percentage of CD11c^+^CD11b^+^ DCs was found in PLG-NaCl-50 and -150 scaffolds (Figure [7](#fig7){ref-type="fig"}d), but the total number of DCs in PLG-NaCl-150 was higher than that in PLG-NaCl-50 (Figure [7](#fig7){ref-type="fig"}e).

![(a) SEM image, (b) pore volume, (c) the number of total cells in scaffold, (d) the percent, and (e) the number of CD11c^+^CD11b^+^ cells at day 7 post implantation of PLG-NaCl series. Scale bar, 200 μm. Values represent mean and SD. An asterisk represents *p* \< 0.05.](am-2014-01376n_0008){#fig7}

In addition to examining the effects of different ratios of PLG to porogen on DC enrichment, the role of porogen size was evaluated *in vivo* (Figure [8](#fig8){ref-type="fig"}). GM-CSF containing PLG scaffolds prepared using similar amounts, but different sized NaCl crystals, were implanted subcutaneously in mice and resected 7 days later. NaCl porogens of three sizes, 10--32, 250--425, or 1800 μm were used to create macroporous PLG scaffolds containing GM-CSF. Fewer total cells infiltrated the scaffolds prepared using porogens in the range of 250--425 μm, as compared to the scaffolds prepared using porogens in the range of 10--32 μm (Figure [8](#fig8){ref-type="fig"}a). However, when porogens in the range of 250--425 μm were used, there was an enrichment of CD11c^+^CD11b^+^ cells (Figure [8](#fig8){ref-type="fig"}b). The net result of the differing total cell numbers and DC enrichment, though, led to a similar number of CD11c^+^CD11b^+^ cells in all three conditions (Figure [8](#fig8){ref-type="fig"}c). Finally, the total number of CD11c^+^CD11b^+^ cells was again similar in all three conditions (Figure [8](#fig8){ref-type="fig"}d). Similar results were obtained in blank PLG scaffolds synthesized by solvent casting/particulate leaching with porogens of the same three sizes, 10--32, 250--425, or 1800 μm (see the [Supporting Information](#notes-3){ref-type="notes"}, Figure S2).

![(a) Number of total scaffold resident host cells, (b) the percentage and (c) the number of CD11c^+^CD11b^+^ DCs 7 days post implantation of GM-CSF containing PLG scaffolds with different pore size. Values represent mean and SD. An asterisk represents *p* \< 0.05.](am-2014-01376n_0009){#fig8}

Discussion {#sec4}
==========

Our previous reports demonstrate the use of macroporous PLG scaffolds for generating 3D microenvironments to modulate host immune cells to induce effective antitumor immunity.^[@ref11],[@ref18],[@ref20]^ The macroporous PLG scaffold were loaded with GM-CSF, a TLR 9 agonist, and tumor lysates and implanted subcutaneously, resulting in the enrichment of DCs around the implantation site and leading to reprogramming of the adaptive immunity. The substantial number of DCs in the PLG scaffolds was ascribed to the presence of macropores.^[@ref11],[@ref18],[@ref20]^ Controlling the pore architecture of macroporous PLG scaffolds is likely an important factor to modulate *in vivo* DC enrichment; however, the relationship remained to be investigated.

We first hypothesized that cell infiltration could be enhanced by increasing the amount of surface porosity in the scaffolds. *In vitro* cell seeding on the blank PLG scaffolds with different levels of surface pores showed that the accessibility of the scaffold by cells was enhanced by higher surface porosity on the scaffold. *In vivo* experiments using blank PLG scaffolds without GM-CSF resulted in very low numbers of total cells and DCs recruited, which made it difficult to obtain reliable results (data not shown). For this reason, in order to examine the effects of pore structure on *in vivo* DC enrichment, we loaded a similar amount of GM-CSF in the scaffolds to promote cell recruitment to the scaffolds. Interestingly, *in vivo* experiments using GM-CSF loaded PLG scaffolds revealed that a higher number of host cells and CD11c^+^CD11b^+^ DCs was recruited in the PLG scaffold with less surface pores. This nonintuitive finding likely resulted from the inability of the scaffolds with a higher surface porosity to maintain their physical integrity following implantation, as indicated by low compressive modulus and contraction *in vivo*. It has been reported that this gas-foaming/particle leaching fabrication method to fabricate PLG scaffolds results in interconnected pores.^[@ref23]^ In this study, we decreased the amount of PLG microparticles while maintaining the amount of NaCl, which likely leads to an increase of the pore interconnectivty in the resulting PLG scaffolds. Although this could lead to better cell migration into the PLG scaffolds, the number of cells retrieved in the experiments was lower, indicating that the mechanical properties affect the cell number in the scaffold. As observed in SEM images, the PLG scaffold with lower surface porosity still contained a number of pores tens of micrometers in diameter, and this is likely sufficient to enable cell infiltration *in vivo*. These results indicate that the surface porosity does not necessarily correlate with the number of recruited cells, and the structural integrity is also an important variable for *in vivo* cell enrichment. In addition to CD11c^+^CD11b^+^ DCs, other types of DCs, neutrophils, and monocytes were probably recruited more to PLG scaffold with high structural integrity, which could lead to more cell--cell interactions and preferential enrichment of subtypes of DCs. However, due to the large standard deviation in *in vitro* GM-CSF release from the scaffolds with different surface porosity, it is still possible that not only pore size but also differences in growth factor release played significant roles in the different responses of the cell populations recruited. More precisely controlled experiments using scaffolds with more matched GM-CSF release need to be performed in the future to clearly elucidate the effect of pore structure on cell and DC enrichment in the scaffold.

PLG is known as a biodegradable polymer, but the degradation of the PLG scaffolds was not significant in the time scale we studied (7 days). A previous report on the *in vivo* degradation of macroporous PLG scaffolds prepared using a similar PLG 85:15 showed that the half-life of the scaffold was longer than 9 weeks.^[@ref27]^ Although the possible degradation of the thin walls in the PLG-9 scaffold might contribute to the collapse of the pore structure of PLG-9, the overall macroporous structure and pore walls of the scaffolds were maintained, which presumably allows us to separate the effect of biodegradation on DC enrichment.

The pore volume was found to be important, as expected, in the number of total cells and CD11c^+^CD11b^+^ DCs resident in scaffolds *in vivo*. However, the percentage of CD11c^+^CD11b^+^ DCs was similar among scaffolds with varying pore volumes. Despite loading the same amount of GM-CSF, PLG scaffolds without macropores recruited a trivial number of cells, and these cells were likely simply adherent to the surface of the scaffold. A previous report also stressed the importance of macropores in evoking an immune response, as much less immunity was generated against antigens by injecting PLG microspheres instead of a PLG macroporous scaffold with the same immunomodulators.^[@ref11]^

Strikingly, although altering the size of the macropores using porogens of different sizes led to differences in the total number of cells recruited and the percentage of CD11c^+^CD11b^+^ DCs, the absolute number of CD11c^+^CD11b^+^ DCs remained similar. Small pores have been found to inhibit bone ingrowth,^[@ref28]^ and previous studies have revealed differences in osteogenesis, chondrogenesis, and vasculoneogenesis as a function of pore size.^[@ref29]^ The results in the present study, in terms of total numbers of infiltrated cell numbers, are consistent with these past reports of pore size impact on cell infiltration. However, it is unclear why DCs were enriched in intermediate pore size scaffolds. It is important to note, though, that only three porogen sizes were evaluated, and additional testing with a wider range of porogen sizes is warranted. Further, the size of the porogen may affect the mechanical properties of the scaffold at the cellular scale, motivating more sophisticated mechanical testing of these scaffolds in the future.

Recently, there have been reports on controlling macrophage phenotype using the physical properties of biomaterials.^[@ref30]−[@ref32]^ For example, the implantation of polymer scaffolds with uniform, interconnected pores of 30--40 μm resulted in enhanced neovascularization and reduced fibrosis, correlating with a shift of macrophage phenotype toward the M2 state, compared to nonporous materials.^[@ref30]^ DC lineage and maturation are active areas of study, and therefore, it will be interesting in the future to study the effects of the physicochemical properties of biomaterials on the control of DC phenotype in association with the modulation of immune responses.

Conclusions {#sec5}
===========

The results of this study demonstrated that the pore structures of PLG scaffolds impacts the *in vivo* enrichment of DCs. Higher DC enrichment in PLG scaffolds was found in scaffolds with lower surface porosity, indicating that the mechanical strength of scaffolds was critical to resist compressive forces upon implantation and maintain a pore volume. Unsurprisingly, a higher pore volume resulted in more enrichment of host cells into macroporous scaffolds. However, a surprising finding is that pore sizes in the range of 10--1000 μm made no significant difference in the number of DCs recruited, although the pore size did impact DC enrichment. Collectively, these results suggest that one can modulate *in vivo* enrichment of DCs by considering the pore architecture as well as mechanical properties of the scaffolds.

The percentage and the number of CD11c^+^CD11b^--^ cells, and CD11c^--^CD11b^+^ cells retrieved from the PLG scaffolds at day 7 post implantation. The number of total scaffold resident host cells, the percentage and the number of CD11c^+^CD11b^+^ DCs at day 7 post implantation of blank PLG scaffolds fabricated by solvent casting/particulate leaching. This material is available free of charge via the Internet at <http://pubs.acs.org>.
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